The unique opportunities and features of high temperature mass spectrometric method for study vaporization processes and thermodynamic properties of oxide systems and materials (glasses, ceramics and coatings) were considered. Various types of vapour species were found over oxide systems studied such as the associated, dissociated and polymerized products of vaporization. The regularities of the vaporization of the binary and multicomponent oxide systems according to the position of oxide modifier in the Periodic table of atoms were illustrated and discussed from the point of view of the acid-base concept. Results on determination of thermodynamic functions in oxide systems were considered taking into account the main requirements for the confirmation of their reliability. Thermodynamic functions of oxide systems studied showed various signs of the deviations from the ideality. The general lattice theory of associated solutions was used for the calculation of thermodynamic properties of the ternary silicate melts studied. Based on this theory the correlation between thermodynamic functions obtained in the systems under consideration and the number of various types of bonds formed in these melts was illustrated. Using this approach the different levels of deviations from the ideality in the melts studied were clarified. Examples of the practical applications of high temperature mass spectrometry for developing advanced materials were shown.
INTRODUCTION
One of the important requirements for the scientific invention of new oxide materials such as glasses, ceramics and coatings are to be able to combine the thermodynamic and crystal chemistry approaches, taking into account condensed-phase vapour equilibriums. Such information is necessary not only to choose the correct composition of material to be used in given industrial conditions, but also to conduct effectively the processes of forming, sintering and product making. High temperature mass spectrometry is one of the most informative methods of high-temperature chemistry along with calorimetry and electromotive force measurements. The method enables one not only to determine thermodynamic properties of components in both condensed and gaseous phases but to identify the composition of vapours. Advantages of the Knudsen effusion mass spectrometric method for the investigations of thermodynamic properties and vaporization processes at high temperatures in particular oxide systems and materials were considered in details in [1] .
The following tasks of the critical technologies of the Russian Federation may be solved using information on -technologies of nuclear energetic, nuclear fuel cycle, safety handling of nuclear wastes and the return nuclear fuel;
-technologies of remaking and utilization of mancaused formations and wastes;
-technologies of decreasing of risks and consequences of natural and man-caused disasters;
-technologies of preparation and manufacturing of composite materials and ceramics;
-technologies of preparation of new generation of the space rocket, aircraft and navy engineering;
-basic and critical military, special and industrial technologies;
-technologies of creation of the electronic component base.
It should be mentioned the wide potential abilities of high temperature mass spectrometry to study the vaporization processes and thermodynamic properties in the following high temperature processes such as -preparation and exploiting of glasses, ceramics, films, coatings;
-preparation of refractory materials and materials for microelectronics;
-consideration of the materials stability in the various gaseous atmospheres;
-the chemical processes in the energetic plants, including the nuclear power plants;
-the optimization of the utilization processes of wastes;
-processes of preventing of pollution of the environment;
-geo-and astrochemical processes;
-the metallurgical processes and some others.
It should be underlined also that the high temperature mass spectrometric method allows obtaining the unique thermodynamic information at high temperatures that is crucial for prediction and modeling of physicochemical properties of oxide materials based on statistical thermodynamic and semi-empirical approaches. That is why the purpose of the present paper is the consideration of the main information on the vaporization processes and thermodynamic properties obtained by high temperature mass spectrometry as well as the statistical thermodynamic approaches used for modeling in oxide systems in particular in glasses and melts.
Oxide systems that will be the main topic of the consideration in the present review are the base of a lot of oxide materials with the extremely wide spectra of their application. Between them are the following: There was the most interesting between the various types of oxide systems studied the consideration of high temperature behaviour of the borosilicate systems. Because they also illustrated the wide ranges of applications in the modern material science and technologies such as for the incorporation of nuclear wastes, for obtaining metals from slags in metallurgy, for preparation the special glasses: -with low melting point; -with high refractive index; -with high dispersion coefficient; -with high radiotransparency; -with the effective absorbtion of the slow neutrons.
The previous results on the mass spectrometric studies of the vaporization processes and thermodynamic properties of oxide systems and materials were summarized in the monograph [1] and reviews [2] [3] [4] [5] [6] [7] [8] [9] [10] .
As to the subjects of investigations as binary and multicomponent borate, germanate, phosphate and silicate systems as well as the unique information on vaporization processes and thermodynamic properties at high temperatures the publications mentioned [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] still have the pioneer character including the mass spectrometric approaches for study thermodynamic functions of components in these systems at condensed phase. Only some of there results were reproduced recently in USA, France, Germany and Japan [1, 4, 5] . Even from the first steps of these studies these results on the vaporization processes and thermodynamic properties of glasses and melts in the Na 2 O-B 2 O 3 -GeO 2 system [11, 12] had the wide scientific resonance. It was shown, for example, that the obtained thermodynamic properties of glasses and melts in the B 2 O 3 -GeO 2 system [13] were in agreement with the information on the structure of its condensed phases accepted based on the results on the investigations of their density, viscosity, refractive index, by IR-spectroscopy and NMR method. Thermodynamic properties of the B 2 O 3 -GeO 2 system at high temperatures [13] were used in [14] for the calculation of its phase diagram and even now this is the only available information on the phase equilibriums in this system. Present review is summarized the results on the vaporization processes and thermodynamic properties of ternary silicate melts obtained mainly during last ten years using high temperature mass spectrometric method. The systems under consideration have the great importance in the various fields of high temperature material chemistry and technologies such as glass, ceramics, coatings production, metallurgy, geochemistry, nuclear and space technologies and some others. Information on the vaporization processes and thermodynamic properties of the following ternary silicate systems Na 2 
VAPORIZATION FEATURES OF OXIDE SYSTEMS
The variety of the vapour species with different volatilities, identified over oxide systems, is one of the reasons that narrows their use at high temperatures, especially during interaction processes with the other materials.
The method of a high temperature mass spectrometry [1] allows to identify a composition of a gas phase, to determine partial pressures and enthalpies of vaporization of components, and also such thermodynamic functions of systems, as activities and chemical potentials of components, Gibbs energies and the relevant excess quantities.
Using high temperature mass spectrometric method it was illustrated that in vapour over oxide systems various types of species may be identified such as associates, polymers and the products of dissociation processes [1] .
Passing from the regularities of vaporization of individual oxides [8] Vaporization of silicate, germanate, borate and phosphate melts, in addition to the processes of polymerization and dissociation, is also accompanied by the association of vapour molecular forms, which leads to the identification of new compounds in the gas phase. The formation of such compounds is due to various factors, including the interaction of oxides in the condensed or gas phase.
The vapour composition over the binary phosphate, borate and silicate systems identified by high temperature mass spectrometric method was summarized and grouped according to the number of outer valence electrons of an oxide modifier [4, 8, 15] . This consideration was carried out at high temperatures, when the partial pressures of the vapour species were in the ranges 10 -9 -10 -4 bar. It was shown that the relative volatility and the character of the vaporization processes of the binary oxide systems are in agreement with the decrease of the relative volatility of individual oxides of P 2 O 5 , B 2 O 3 and SiO 2 . More complicated associated vapour species over oxide systems were observed as the result of the increase of the atom masses oxidemodifiers in the rows of the Periodic Table. This fact may be connected with the participation of d-and f-electrons in the chemical bonds and the penetration of the s-electrons under the cover of the 3d-, 4d-, 4f-and 5d-electrons.
Earlier it was illustrated [4] also that the deviations from the ideality of the P 2 O 5 , B 2 O 3 and SiO 2 chemical potentials as a function of the content of oxide modifier in the series of the corresponding binary systems were in agreement with the variety of vaporization processes of their components, such as dissociation, association and polymerization. The following parameters were taken into account to understand the vaporization character of the binary oxide systems from the point of view of the acid-base concept [15, 16] : The associated gaseous molecules were found over binary phosphate, borate and silicate systems with the same relative volatility of the individual oxides and the differences of the electron potentials, forming oxides in the binary systems, more than 0.8 eV/pm. Taking into consideration the observed regularities of the vaporization of oxide systems, the existence of the associated gaseous molecules might be expected and discussed over the FeO-B 2 O 3 , SrO-B 2 O 3 and BaO-SiO 2 systems. Such composition of vapour was confirmed recently over two last systems [17] . The associated vapour species over binary borate and silicate systems were observed as a result of the decrease of the lattice energy of the oxides; the increase of the enthalpy of formation of the individual oxides and the negligible changes in the values of the M-O-B and M-O-Si bond energies compared with the same values in the individual oxides (B 2 O 3 and SiO 2 ) in the periods of the Periodic Table. In the case of the phosphate systems the energy of the M-O-P bond was lower than the value of the energy of the P-O-P bond in phosphorus oxide. This might be one of the reasons why the quantity of the associated vapour species over phosphate systems was predominant compared with the relative quantity of the polymerized species over borate systems. The increase of the volatility in the binary systems in the rows of the System and the predominance of the dissociative forms in vapour were connected with the increase of the lattice energy of the individual oxides, the decrease of the enthalpy of formation of the individual oxides and the decrease of the differences of the electron potentials of oxides forming binary oxide systems. Despite the complex vapour composition over the oxide systems, the order of their relative volatility at constant temperatures was in agreement with the main regularities, observed earlier for the other types of inorganic compounds: the increase of the relative volatility of the systems from the first to the sixth period and its decrease from the first to the sixth group of the Periodic Table. The question on formation of the dimer molecules in vapour over binary and multicomponent systems and its dependence from the temperature may be clear from the consideration [8] .
It was found that the changes of the chemical potentials of oxides and Gibbs energies in glasses and melts of glassforming systems to a great extent due to interactions of an acid-base nature were in agreement of the relative changes of bonds energies of mixed type that form in the melts of the above systems [18] .
The correlation of the values of the maximum differences of electron potentials of the elements that form oxides in binary systems, from which multicomponent melts can be composed, with the information on the occurrence of gaseous monomers of borates and their dimers in the vapour over them, makes it possible to predict, to the first approximation, the tendency to association and polymerization of oxides in the vapour over multicomponent systems. The suggested criterion, however, requires additional discussion.
From the point of view of the acid-base concept [1, 3, 19] the following major factors should be taken into consideration when comparing the volatility of oxide systems: a. the relationship of the partial pressures of molecular forms in the vapour over individual oxides (volatility of oxides) forming a system under isothermal conditions;
b. the relative content (concentration) of oxides in the condensed phase of a multicomponent system; c. the tendency of molecular forms of the gaseous phase of oxide pairs forming a multicomponent system to association, one of the criteria determining this being the differences of electron potentials of the elements forming the oxides;
d. the values of oxygen partial pressures characterizing the acid-base properties of oxide melts which are determined by their relative volatilities, allowing the most probable processes of the vaporization of components to be estimated.
The availability of the data obtained by the high temperature mass spectrometric technique concerning the thermodynamic properties of glass forming oxide melts in conjunction with the values of electron potentials of elements forming the oxides, made it possible to reveal the principal regularities of their vaporization.
The main factors for the prediction of the relative volatility of the binary and multicomponent glass forming systems were considered based on the data on the composition of vapour and thermodynamic properties obtained by the high temperature mass spectrometric method. They were as follows:
with the same oxide modifier, one can observe the increase of volatility of components in the order from silicate and germanate to borate and phosphate melts, as a consequence of the increase of acidity of the melts in the order indicated; predominant species in the vapour over germanate and silicate glass forming melts were the forms which were characteristic of dissociation vaporization of the oxides forming the systems; in the vapour over borate melts containing oxides of alkali metals and of beryllium, lead, bismuth or barium, the formation of gaseous borates was most probable, their polymerization also was possible; in multicomponent alkali metal boro-silicate andgermanate melts with a higher content of boron oxide than of the oxides of alkali metals and silica, alkali metal monomer of borates were the main vapour species.
The approach discussed for the evaluation of the vapour composition over multicomponent oxide glasses and melts was successfully confirmed in the prediction of the vaporization processes in the systems presented in [8, 20] as the example and used for the comparison of the relative volatilities of various glasses [21] .
In agreement with the regularities of the vaporization of oxide systems mentioned above there was the composition of vapour over the glasses, ceramics and melts in the Na 2 O-B 2 O 3 -SiO 2 [22, 23] Various types of vapour species were found over these ternary silicate systems studied such as the associated, dissociated and polymerized products of vaporization. It was shown also that the content of vapour over these systems was in agreement with the composition of the gaseous phase over the corresponding binary systems.
THERMODYNAMIC DATA OF OXIDE SYSTEMS STUDIED BY HIGH TEMPERATURE MASS SPECTROMETRIC METHOD
Thermodynamic properties of the binary and multicomponent oxide systems such as activities and chemical potentials of components, the Gibbs energies and the partial and integral enthalpies of mixing obtained by high temperature mass spectrometric method were discussed in detail in [1] [2] [3] .
In all experimental studies mentioned a lot of attention was given to the accuracy and the reliability of thermodynamic data obtained by high temperature mass spectrometric method in the binary and multicomponent oxide systems under investigations. [8, 33, 36] Because of this reason it was traditional approach when all thermodynamic functions obtained in oxide systems by the method mentioned were considered -from the point of view of the necessary stability conditions as regards the continuous nature its change of state; -as the verification of the mutual agreement of the data using the Gibbs-Duhem equation;
as the examination of the mutual agreement of the results using various experimental methods of high temperature chemistry (EMF, the exchange equilibriums in slags, the sulphide capacity method, the high temperature solution calorimetry, the ionmolecular equilibrium method) as well as the procedures of high temperature mass spectrometry (the dimer-monomer method, the Belton-Fruehan and Wagner methods, the ion current comparison method); -as the correlation with the information on phase diagrams of the system studied.
The variety of results of such approach for obtaining the reliable experimental thermodynamic data by high temperature mass spectrometry in oxide systems may be found in [1] [2] [3] . Thermodynamic regularities and reliability of high temperature mass spectrometric data for glass-forming oxide systems were considered also in [37] . The advantages of application of the Belton-Fruehan method to study the thermodynamic functions of oxide systems were illustrated in details in [38] . The correlation of thermodynamic properties obtained by high temperature mass spectrometry with the information on phase diagrams of the system studied was shown for example in the following systems CaO-SiO 2 [39] [42] [43] [44] and MgO-SiO 2 [45] .
Such detail and systematic consideration of the experimental data obtained by high temperature mass spectrometry in oxide systems was the base of using the values found in the Russian data base "Metallurgy" [46] . Thermodynamic functions of the systems under consideration such as activities and chemical potentials of components as well as the Gibbs energies showed various signs of the deviations from the ideal behaviour. The features of thermodynamic description of the melts in the following systems studied recently may be found also as mentioned above for the Na 2 O-B 2 O 3 -SiO 2 [22, 23] [8, 33, 36] systems. The negative deviations from the ideal behaviour were observed in the melts of all these systems except CaO-TiO 2 -SiO 2 and BaO-TiO 2 -SiO 2 glasses and melts where the existence of the wide immiscibility regions may be expected as in the TiO 2 -SiO 2 system according to [47] .
As the examples of the thermodynamic data obtained Figs. (1-5) illustrate the thermodynamic information found first for the melts in the MgO-B 2 O 3 -SiO 2 and BaO-B 2 O 3 -SiO 2 systems. It should be mentioned that according to the data obtained [10] there is no immiscibility region found in the MgO-B 2 O 3 -SiO 2 system compared with the previous data [47] mentioned on Fig. (1) as circles in the other concentration areas where such phenomenon was observed.
MODELING OF THERMODYNAMIC PROPERTIES OF OXIDE GLASSES AND MELTS
The values of thermodynamic functions in the glasses and melts of the binary and multicomponent oxide systems found by the high temperature mass spectrometric method that were discussed above were used for modeling based on semi-empirical approaches by Kohler [1-3, 6, 48] and Wilson [1, 3, 4, 6, 48] as well as based on statistic thermodynamic methods such as the general lattice theory of associated solutions (GLTAS) [1, 8-10, 33, 49, 50] and its particular case the theory of the ideal associated solutions [8, 20] . These approaches on one hand allowed to illustrate the opportunity of the prediction of thermodynamic properties of glasses and melts with the purpose of obtaining new materials with the properties required and on the other hand allowed to find the correlation between thermodynamic properties of glasses and melts and the features of their structural description [1, 8-10, 33, 49, 50] .
While in the theory of ideal associated solutions one can obtain information on the quantity of associates of the given type formed over the indicated concentration range, the generalized lattice theory of associated solutions makes it possible to calculate the relative numbers of bonds formed in the melts and to reveal the relationship between the values of thermodynamic functions and the structure of melt [51] .
The generalized lattice theory of associated solutions was successfully applied earlier for the calculation of thermodynamic properties of B 2 O 3 -GeO 2 [9, 58, 59] systems. The relative numbers of various types of bonds formed in these melts when the second coordination spheres were taken into consideration as a function of composition were calculated based on GLTAS.
Using this approach the different levels of deviations from the ideality in the melts studied were clarified. It should be underlined also that the relative numbers of various types of bonds formed in glasses and melts of the B 2 O 3 -SiO 2 system when the second coordination spheres were taken into consideration as a function of composition were calculated based on GLTAS were in agreement with the same values obtained by IR-spectroscopy [52] .
As well known the various approaches were used for the calculation thermodynamic properties of the CaO-Al 2 O 3 -SiO 2 system such as the Monte-Carlo method [60] [61] [62] , the sublattice model using thermo chemical data base Thermocalc [63] , the thermodynamic model by Berman and Brown [64] , the polymeric model [65, 66] , the model of Fig. (1) . The MgO activities and the lines of the logarithm of the MgO isoactivities in the MgO-B 2 O 3 -SiO 2 system at the temperature 1573 K [10] . "○" are indicated the compositions corresponding to liquids in the two phase region according to [47] : left point at the temperature 1453 K and the right point at the temperature 1573 К. "central atoms" [67] , the quasi-chemical model with some modifications [68] , the quasi-chemical model using thermo chemical data base FACT [69, 70] and the molecular regular solution model [71] . Compared with the models indicated the approach under consideration have the following original features.
In the lattice theories the structural elements are situated in the sites of the hypothetical lattice of the melt closed to the crystal. Description of the peculiarities of the melt from the point of view of the coordination number and the lattice geometry allows taking into consideration the strong interactions of components or the structural elements. In that case the size and the shape of the molecules are considered as well as the possibility of the formation of associates. Introduction for every pair the various groups of three energetic interaction parameters in the melt allows using the quasi-chemical approximation based on the statistical approaches for the description the lattice models.
First, the basic ideas of GLTAS will be outlined following Barker [72] . This theory is based on the quasichemical approximation from which the numbers of interactions of various types in the equilibrium configuration of the system (melt)are deduced. Some structural information is required to choose a simulation model, i.e. a lattice with appropriate coordination number z and structural units A, B, … corresponding to the components of the system, which are regarded as molecules occupying r A , r B , … sites of the lattice. The surface of these 'molecules' is divided into c A , c B , … contact points in accordance with the number of neighboring sites:
A system of equations for a set of the auxiliary unknown variables X µ A is then formulated:
where x A is the mole fraction of the A component, Q µ A is the number of µ-type contact point of the A component, η µν AB is the energy parameters of the model related to free energy of exchange U µν AB of the µ-and ν-type contact points of the A and B structural units as η µν AB = exp(-U µν AB /kT). The number of the unknowns X µ A is equal to the number of different types of contact points and hence to the number of equations (2) . For a particular composition and a selected set of energy parameters η µν AB system (2) may be solved and the values of X µ A found. Substitution of these values into eqn. (3)
where N µν AB is the number of the µ-and ν-type contact points of the A and B structural units, respectively, and N is the total number of the particles in the system, allows to calculate the relative numbers of bonds of various types.
The energy parameters η µν AB may be determined by the best-fit procedure using the appropriate experimental data. The values of the excess chemical potential of the components derived in GLTAS are
where X µ Ap is the solution of system (2) As a further development of GLTAS applicability of this model was tested to borosilicate melts containing alkalineearth oxides CaO, SrO, and BaO. Nevertheless, in our opinion, even without any further fundamental development of GLTAS, simply by a modification of computational procedure, the results may be improved considerably. Two of such optional algorithms were tested and reported in [50] .
As and example of such calculation of thermodynamic properties in the ternary borosilicate melts containing alkaline-earth oxides let us consider the BaO-B 2 O 3 -SiO 2 systems. The following structural model was accepted for the description of these melts: on a 3-coordinated lattice structural units B 2 O 3 , SiO 2 , and BaO are placed; BaO occupies one site of the lattice, B 2 O 3 and SiO 2 -two sites each. The selected contact points on the surface of a structural unit refer either to its element or to its oxygen atom. It is considered that all chemical bonds are realized through atoms of oxygen and non-bridging oxygen do not exist in the melt.
To simplify the notation numbers 1, 2, 3 in the indices will denote the structural units SiO 2 , B 2 O 3 , and BaO, respectively, and symbols of elements will indicate the type of contact point to which the given value refers. (e.g., 1O is the oxygen contact point of the structural unit SiO 2 etc). Thus, r 1 = r 2 = 2, r 3 = 1. The numbers of contact points were taken as follows:
In comparison with the previous calculations of thermodynamic properties based on GLTAS that were done in the glass-forming melts [1, 8, 9, 22, 33, 39, 49, 52-56, 58, 59] because the non-linear system of equations (2) was symmetrical with respect to its diagonal elements, that is η i-k = η k-I , the other computational procedure was suggested [50] . Hence it can be written in a compact form as a product of matrix Η = {η i-k } of the coefficients of the system and vector X = (X 1Si , X 1O , X 2B , X 2O , X 3Ba , X 3O )
T of unknown variables ( T denotes transposition):
where vector Q is (
T , x i is the content of the component i in the melt, and matrix Η has the form:
n this notation eqns. (4) for the excess chemical potentials are: As follows from the comparison of the values of the Gibbs energies in the melts of the CaO-B2O3-SiO2 (1), SrO-B2O3-SiO2 (2) and BaO-B2O3-SiO2 (3) systems in the temperature range 1650-1800 K calculated according to GLTAS [50] at the mole fraction of SiO2= 0.50 as a function of the melt concentration, Fig. (6) , with the corresponding variations of the relative numbers of bonds of different types in these melts obtained, Figs. (7-9) , the structural description of these melts are very close to each other and illustrates the fact that their glass-forming network are strongly destroyed by oxide-modifier and contains the valuable fraction of the ionic bonds.
The accuracy of such structural interpretation of the melts behaviour in the SrO-B 2 O 3 -SiO 2 system using GLTAS was also recently confirmed by the result of the direct experimental studies of glasses in this system by the X-ray scattering method at big angels [73] .
Thus, this example is one more demonstration of the potential abilities of GLTAS for modeling thermodynamic properties of oxide glass-forming melts and for the consideration the correlations between them and their structure.
It should be noted also that thermodynamic functions obtained by the high temperature mass spectrometric method were used for the calculation of the phase diagrams in the Rb 2 O-B 2 O 3 system based on the theory of the ideal associated solutions [74, 75] . In view of the uncertainties in the literature thermodynamic and phase diagram data in the case of the Al 2 O 3 -SiO 2 system additional experimental studies of the component activities were carried out by the Knudsen effusion mass spectrometric method [42] . In the frame of the semi-empirical slag model based on these results [42] the model parameters were assigned [42, 76] . This enables reasonable predictions of thermodynamic properties in the melts of multicomponent alumosilicate slags as a functions of composition and temperature from binary data. The capability of this model to compute the component activities in the case of four component systems was also demonstrated. The applicability of this approach in estimating the viscosities of ternary silicate melts from the binaries using thermodynamic information of the ternary melt has been also demonstrated [76] .
APPLICATION OF THE APPROACHES DISCUSSED FOR THE DEVELOPMENT OF ADVANCED MATERIALS
The general approaches discussed above to study vaporization processes and thermodynamic properties of oxide systems by high temperature mass spectrometric method as well as corresponding predictions of these processes the using acid-base concept and calculations of these properties based on various semi-empirical and Fig. (7) . Variation of the relative numbers of bonds of different types in the melts of the CaO-B 2 O 3 -SiO 2 system:
in the temperature range 1650-1800 K calculated according to GLTAS [50] at the mole fraction of SiO 2 = 0.50 as a function of the melt concentration. 
in the temperature range 1650-1800 K calculated according to GLTAS [50] at the mole fraction of SiO 2 = 0.50 as a function of the melt concentration.
statistical thermodynamic models had a wide spectrum of the practical applications [1] . The following important results may be mentioned in this connection:
-the development of various compositions of multicomponent borosilicate glasses with the low volatilities for the incorporation of nuclear wastes of middle level of activity [3, 77] ;
-the selection of the optimal conditions of preparation of some special glasses [3, 20] ;
-the application of borosilicate melts at the thermal production of ceramics [78] ;
-the study of vaporization processes of ceramics in the various gaseous atmospheres required for obtaining aircraft material [79] [80] [81] ;
-the study of vaporization processes and thermodynamic properties of slags containing heavy metals (Cr and V) for optimization of metallurgical processes and for its carrying out in the safety environmental conditions [82, 83] .
Information on the vaporization processes and thermodynamic properties of glasses and melts in the GeO 2 -SiO 2 system obtained by high temperature mass spectrometric method [53] was used for the calculation of the sample compositions of fluorine-germanosilicate glasses that were prepared by modified CVD process [84] . These results were patented [85, 86] . The special compositions of zeolites with the properties required were prepared based on the results of studies of the vaporization processes and thermodynamic properties of melts in the SnO-ZnO-B 2 O 3 system at high temperatures [87] .
The problem of the interaction of nuclear fuel with the various types of concreate became extremely important after the accident at the Chernobyl nuclear power station. In this connection the vaporization processes and thermodynamic properties of the UO 2 -ZrO 2 system and components in the various concrete compositions were studied at high temperatures [3, 48, 88] . Investigations of interactions processes of SrO with various oxide materials by high temperature mass spectrometric method allowed to suggest the composition of oxide material for the trap of nuclear reactor that was also patented in Russia [89] and Finland [90] .
Among the high temperature mass spectrometric studies that were carried out for the solution the problems dealing with the various areas of application of oxide materials at high temperatures and involved in high temperature processing it will be reasonable to mention results on high temperature behaviour during interaction the oxide systems and materials with the other classes of the chemical compounds. Such new pioneering direction in high temperature material science was initiated during development of the new high temperature barrier coatings for space industry in particularly for the different parts of the space ship "Buran" [91, 92] that were working under various temperature conditions. For this purpose various compositions of borosilicate glasses were chosen together with MoSi 2 [91] and with BN [92] . In the last case the probable weight losses of the coating studied during the flight conditions that were found by the Knudsen effusion mass spectrometric method were in agreement with the results obtained using the induction plasma generator.
Interaction processes at high temperatures between oxide and halide systems with the formation of the new unexpected vapour species such as DyOF and Dy 2 OF 4 have the great importance in metallurgy, for example, for the preparation of alloys by electrolysis of oxygen containing salts in molten fluorides [93] [94] [95] or for the consideration of vaporization processes of fluxes as based on the CaO-CaCl 2 and CaOCaF 2 systems studied in [96] .
The further development of high temperature mass spectrometric studies considered may be connected also with the modifications of various types of mass spectrometers as were done using QMS 420 mass spectrometer that was applied for the Knudsen effusion studies [16, [97] [98] [99] or with the creation of new original methodologies of determination of physicochemical properties such as [100] where the changes in the refractive indexes of glasses in the B 2 O 3 -SiO 2 system were calculated from the mass spectrometric experiment using the complete isothermal vaporization method.
CONCLUSIONS
1. The main regularities of the vaporization of oxide systems obtained by high temperature mass spectrometric method were discussed from the point of view of the acid-base concept.
2. Results on determination of thermodynamic functions that may be obtained by high temperature mass spectrometric method in some ternary silicate systems were considered taking into consideration the main requirements for the confirmation of their reliability.
3. Abilities of some semi-empirical and statistical thermodynamic approaches for modeling of thermodynamic properties of ternary glass-forming oxide melts were illustrated especially GLTAS.
4. The deviations from the ideality in the oxide systems studied were discussed based on GLTAS taking into attention the various types of bonds forming in glasses and melts when the second coordination sphere was taken into account.
5. The further application of high temperature mass spectrometry for the solution of the task high temperature materials science and processing may include the consideration of the following important questions:
-to find the regularities of vaporization processes of oxide systems and materials at high temperatures;
-to predict relative volatilities of oxide materials involved in different kind of high temperature technologies;
-to predict thermodynamic properties of oxide materials based on statistical thermodynamic approaches including the consideration of the correlation between thermodynamic properties studied and structure of these materials;
-to create data bases of thermodynamic properties of oxide systems and models for predictions:
a. the partial pressures of vapour species over oxide materials, b. thermodynamic properties of oxide materials, c. phase diagrams of the complex oxide systems;
-to improve the experimental approaches for the purpose indicated.
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